Data from four energy and N balance trials with lactating Holstein cows (n = 329) and one trial with dry cows (n = 60) were used to predict free water intake and water-related traits. Lactating cows were between 36 and 159 DIM and. individually, were allowed ad libitum water and forage (com silage without or with wilted haycrop silage) plus concentrates; dry cows accessed ad libitwn water and single forages (grass, clover, or alfalfa, as hays or as wilted silages, or com silage) varying in maturity. Intake of DM per day and dietary DM percentage were significant and positively related predictors of free water intake in dry and lactating cows. Daily milk yield (range 16 to 52 kg/d) was related linearly to water consumption (.60 L/kg of milk), and season effect in lactating cows was curvilinear; peak water intake was in late June and nadir in late December. Ration CP percentage (OM basis) affected free water intake only in dry cows; 1 unit of increase resulted in an increase of about 1 kg/d in water intake between 12 and 13% CPo As ration moisture dropped from 70 to 40%, free water intake increased about 7 LId in dry cows, but this was accompanied by a drop of 15 LId in total water intake (free plus feed water). Free water intakes were predicted with R2 of .64 and .69 in dry and lactating Holstein cows, respectively. Fecal water and urine outputs also were predicted. We found no significant relationship between DM content of the diet and the resulting ad libitum intake in either dry or lactating cows. (Key words: water intake, lactation, dry cow)
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INTRODUCTION
The elegant review by Murphy (10) highlighted the importance of water in the diet of high yielding dairy cows, summarized the factors influencing its intake and excretion, and prompted the study reported here. Although Paquay et aI. (13) found no significant relationship between milk yield and water intake, Little and Shaw (9) predicted daily kilograms of free water intake (FWI) from daily kilograms of DMI and milk yield; regression coefficients were 2.15 and .73,. respectively, for cows yielding 14 to 30 kg/d of milk. Later, Murphy et al. (11) predicted FWI from DMI, milk yield, Na intake (some cows were fed NaHC0 3 ), and mean minimum ambient temperature (R2 =.59). Multiple regression coefficients were 1.58 and .90 for DMI and milk output, respectively, with positive coefficients for the two remaining predictors. Dry matter intake also is correlated with milk yield. Murphy (10) concluded that increasing DM percentage of the diet increases FWI but decreases total water intake (TWI) (free plus feed water). Paquay et al. (13) suggested that high moisture diets lead to increased urine volume because of enhanced urinary excretion of N and K, but such is likely the case primarily for Paquay et al. (13) found that urine water was related positively to absorbed water (IWI less fecal moisture) and to urine N and K, but it was correlated negatively with milk yield and dietary DM percentage. Fecal moisture output was correlated positively with DMI, inversely related to percentage of DM in the diet, and unrelated to milk yield.
The objectives of this study were to develop prediction equations for water intake in lactating (36 to 159 DIM) and in dry dairy cows and to examine relationships among selected water losses and ration characteristics.
MATERIALS AND METHODS
Data were summarized from four energy and N balance trials with lactating (n = 329) Holstein cows (3, 4, 6, 7) and one experiment with dry (n = 60) Holstein cows (1). All cows were fed for ad libitum intake. Balances were conducted under ambient stanchion stall conditions during 6-<1 excreta collections and in standard, air-conditioned (18°C) chamber during measurements of 24-h heat and CI4 production. Water was available individually and continuously, and intakes of water and diet were measured daily and averaged over a 6-<1 excreta collection period. Details of dietary treatments and balance trial procedures are described elsewhere (1, 3, 4, 6, 7) . Dry cows from Harlan et al. (1) were fed single forage diets consisting of com silage, grass (hay or silage), alfalfa (hay or silage), or clover (hay or silage) with no concentrates. Lactating cows from a previous study by Holter et aI. (3) were fed free choice com silage plus concentrates varying in CP content. Cows from Holter et aI. (4, 6) and Janicki et al. (7) received free choice a mixture of 63% com silage:37% wilted haycrop silage DM plus concentrate. Concentrates in the trial of Janicki et al. (7) varied in percentages of CP and solubility of CPo Cows in Holter et al. (6) all received the same concentrate, but they varied in body condition score at calving. Cows in another study by Holter et al. (4) were fed concentrate without or with whole cottonseed or whole cottonseed plus Ca soaps of palm oil fatty acids.
Six-day weights of FWI, feeds, orts, feces, urine, and milk were averaged, and proportional composite samples (except water) were analyzed. Specific gravity (SG) of urine composites was measured using a urinometer, and urine weight divided by SO was considered to equal urine water (ignoring volume of urine solids).
Day of the year [(Julian) days (JD) where JOI = January 1], computed for the beginning day of each 6-d diet, and excreta measurement in lactating cows were used to examine effect of season of water intake. Stepwise backward elimination procedure of SAS (15) was used to discard independent variables that were not significant (P > .10) predictors of dependent variables. Correlation coefficients were considered significantly different from zero at P < .05.
RESULTS AND DISCUSSION

Dry Cows
In Table 1 are means and ranges of variables in the dry cow study. Range in these traits was adequate for regression analysis. Mean daily ad libitum DMI was 1.6% of BW, which is lower than the 1.8% of BW reported by Holter et al. (2) for dry cows fed only high quality silage diets. Most cows received CP in excess of 12% as suggested for dry cows (2, 12) . Generally, TWI was more closely correlated than FWI with the traits examined, especially DMI, weight and volume of urine, and apparently absorbed water (fWI minus fecal water, automatic correlation). Water intake was not significantly related to BW, and FWI was related more closely to CP content than TWI.
The FWI of dry cows was best predicted by the following equation (R2 =.64, P < .001, n = 
S (P> .05).
OMI, which is similar to that found by Little and Shaw (9) 
BW (P =.40) and dietary OM (P =.14) were eliminated. At 60% OM in the diet (Equation [3] ), OMI was lowest (9.5 kg/d) at 14.5% CP in the diet and increased to 10.9 kg/d at ration CP contents of 10 and 19%. At mean dietary CP percentage (16%), increasing dietary OM from 30 to 90% actually decreased OMI, but only from 10 to 9 kg/do in a slightly curvilinear manner. Ration moisture had a minor effect on ad libitum OMI in dry cows consuming all forage diets.
Total water intake automatically was correlated with FWI (r = .74) and was predicted from FWI and other variables as follows (R 2 = Most (n =313) observations from lactation studies (4, 6, 7) were made during wk 6, 10, and 14 or 7 and 16 postpartum, and none was made after 159 DIM. Thus, these relationships may not necessarily apply to cows beyond rnidlactation. Means and ranges for variables are in Table 2 . Ranges were amply wide for efficient regression. Maximum yield exceeded 50 kg/d, over three times the minimum milk, and maximum FWI (137 LId) was over five times its minimum value. Both ranges were broader than in the study by Paquay et al. (13), pennitting more efficient regression analysis. Mean FWI was 2.0 times mean milk yield, a good rule of thumb for lactating cows. Free water intake constituted 78% of TWI, which was identical to that for dry cows and 3.5 times the intake of feed moistme. Milk, feces, and urine water losses accounted for 34, 33, and 15%, respectively, of 1WI. The remainder (18%) may be attributed to sweat and salivary losses and to the small error associated with our inability to partition urine solids volume.
In 19 milking cows from a prior study (4) that had a urine SO range of 1.031 to 1.048, urine No.6, 1992 (negatively and automatically) only to lWI. Urine weight (volume) was correlated with both FWI and lWI and with apparently absorbed water (r = .67, not shown), as noted also by Paquay et aI. (13) . Both FWI and lWI were related negatively (r =-.32) to urine SG.
An automatic correlation was noted for feed water versus lWI. Both FWI and lWI were correlated highly with apparently absorbed water because they were used in its computation.
The FWI of lactating cows during the first half of lactation was predicted best according to the following equation (R2 = .69, P < .0001, corresponding R2 for dry cows was .11. Thus, we found no basis for the generally held idea (12) , based on few cow numbers (particularly below 50% ration OM), that OMl is depressed when ration OM decreases below about 50%; these findings confirm those of Robinson et al. (apparently absorbed water, kg/d). [9] One variable, dietary cp2, was eliminated (P = .89). Simple correlation coefficients between the dependent variable and the predictors above were .46, .31, 0, 0, -.60, and .67, respectively. Over the ranges of independent variables examined ( FWI was eliminated (P = .24). Increasing OMI and its content of CP increased the SG of urine, but increases in milk yield and urine volume had a diluting effect on urine. Increased milk output apparently served as an alternative escape route from the body for solids otherwise carried in the urine, as judged from the negative regression coefficient for milk. Perhaps this difference has to do with form of forage (hay vs. silage, respectively) in dry cow diets and ratio of concentrate to forage in rations of lactating cows, which were the primary factors determining dietary DM percentage.
CONCLUSIONS
Daily OMI and percentage of OM in the total diet were related positively to FWI and were significant predictors of it in both dry and lactating dairy cows. Daily milk yield also was positively related to FWI of cows in this study, yielding between 16 and 52 kg/d of milk. Percentage of CP in dietary DM was positively correlated with FWI only in dry cows. Season of year could not be examined in dry cows but was related quadratically to FWI in milking cows; FWI was highest in late June and lowest in later December, inversely corresponding to effects of season on ad libitum DMI of lactating cows. Virtually no relationship was found between ad libitum DMI and DM content of the diet in dry or milking cows. Decreasing ration moisture from 70 to 40% increased FWI by 6.9 Lid but decreased 1WI by 15 LId in dry cows. Care should be exercised in interpreting single relationships from these multiple-trait regression equations because of varying degrees of correlation among independent variables.
